BACKGROUND: Paravertebral analgesia is useful for breast surgery. Patient controlled analgesia by IV or epidural routes is well established for delivering postoperative analgesia. Our objective was to apply patient control to paravertebral analgesia and evaluate the efficacy and tolerability of two distinct dosing regimens. METHODS: Patients undergoing major breast cancer surgery were recruited for this prospective, double-blind, randomized trial of two patient-controlled paravertebral analgesia regimens: 19 patients received levobupivacaine 0.2% at 8 mL/h with 3-mL bolus and 15-min lockout (15-min lockout group); 18 received levobupivacaine 0.2% at 4 mL/h with 8-mL bolus and 30-min lockout (30-min lockout group). Our primary outcome was dynamic pain scores (visual analog scale) at 4-hourly intervals for 36 h. Secondary outcomes were resting pain scores, rescue analgesia requirements, volume of levobupivacaine administered, demands for levobupivacaine, levobupivacaine boluses received, and patient satisfaction. RESULTS: Resting and dynamic pain scores were comparable in the groups. Two 15-min lockout patients and five 30-min lockout patients required rescue analgesia (P ϭ 0.23). Patients received 400 Ϯ 95 mL and 330 Ϯ 130 mL levobupivacaine in 15-min and 30-min lockout groups, respectively (P ϭ 0.012). The 15-min lockout group requested a bolus 75 Ϯ 16 times; the 30-min lockout group requested it 69 Ϯ 14 times (P ϭ 0.40). However, the 15-min lockout group received 39 Ϯ 22 boluses and the 30-min lockout group only 24 Ϯ 16 (P ϭ 0.02). Systolic pressure, heart rate, respiratory rate, sedation scores, nausea, antiemetic requirement, and satisfaction scores were similar in each group. CONCLUSIONS: Patient-controlled paravertebral analgesia for breast cancer surgery, with either regimen, provided satisfactory analgesia and was well tolerated.
1
Patient-controlled IV analgesia with opioids remains a common strategy for management of postoperative pain 2 ; however, this method is far from ideal because efficacy is suboptimal and side effects frequent. 3, 4 Regional anesthetic techniques, particularly epidural analgesia, offer better quality analgesia and fewer side effects than IV opioids. 5, 6 In a meta-analysis, for example, epidural analgesia, regardless of analgesic drug, regimen, or type or time of pain assessment, provided superior postoperative analgesia compared with patient-controlled IV analgesia. 7 Paravertebral analgesia is a useful technique in patients requiring breast surgery and has been used as the sole anesthetic 8, 9 and for ambulatory surgery. 10 It is well established that paravertebral blocks provide better postoperative analgesia than general anesthesia followed by IV or IM opiates, 8, 9, 11 reduce the risk of nausea and vomiting, 8, 9, 11 and shorten hospitalization. 9 When compared with postoperative opiates, continuous paravertebral infusions of local anesthetic improve subcutaneous tissue oxygenation, 12 thus possibly reducing infection risk and improving wound healing. Furthermore, the introduction of patientcontrolled epidural analgesia (PCEA) during labor reduced the total dose of local anesthetic administered and gave patients a sense of control over their analgesia. 13 Applying the principles of patient-controlled analgesia (PCA) to paravertebral analgesia has yet to be described. We therefore evaluated the feasibility of patient-controlled paravertebral analgesia (PCPA) in patients recovering from breast cancer surgery. The closest clinical and anatomical analogy to a PCPA infusion is a PCEA infusion. PCEA regimens tend to have either a small bolus with short lockout period or a large bolus with a long lockout period because the optimum regimen remains unclear. 13, 14 The two PCPA regimens were developed at our institution based on our experience with paravertebral infusions. One regimen had a large bolus, long lockout (30-min group) and the other a small bolus with a short lockout (15-min group), thus ensuring that the total amount of levobupivacaine available to each patient was equal. Our hypothesis was that there would be a difference in primary outcome (i.e., pain score) between a short lockout and a long lockout postoperative PCPA regimen.
METHODS
With Ethics Committee approval and written, informed patient consent, we enrolled 38 patients undergoing major breast cancer surgery. Patients were age 18 yr or older and ASA physical status I or II. Exclusion criteria were allergy to study medications and any contraindication to paravertebral catheter insertion, including local infection and coagulopathy.
Protocol
Before induction of general anesthesia, a paravertebral catheter was inserted ipsilateral to the surgical site at the level of the second or third thoracic vertebrae. General anesthesia was induced and a 20 mL bolus of levobupivacaine 0.25% was injected through the paravertebral catheter before skin incision. An additional 10 mL was given at skin closure. Adjuvant analgesia (paracetamol 1 g IV, diclofenac 75 mg IV) and ondansetron 4 mg IV were also given. Supplemental morphine (0.15 mg/kg in total) was given at the discretion of the attending anesthesiologist. Indications for supplemental morphine were a 20% increase from baseline in heart rate, respiratory rate (if spontaneously breathing), and arterial blood pressure.
Patients were assigned to one of two postoperative analgesic regimens based on computer-generated randomizations Postoperative adjunctive analgesia was prescribed (oral paracetamol, 1 g 4-times daily, and oral diclofenac, 75 mg once daily). Rescue analgesia (given if a pain score exceeded 40 mm on visual analog scale
[VAS]) was 0.15 mg/kg morphine, IM, with a maximum daily dose of 0.9 mg/kg. Postoperative nausea or vomiting was treated with ondansetron 4 mg 8 hourly PRN.
Measurements
Patients reported pain scores on a 100-mm-long VAS (0 mm ϭ no pain, 100 mm ϭ worst possible pain) at rest and on movement (90 degrees arm abduction) every 4 h while awake for 36 postoperative hours. Investigators unaware of group allocation (NF, JMcE) collected the pain scores.
The number of bolus demands, the actual number of boluses received, and total volume used were recorded. The primary outcome measure was VAS pain score with movement. Secondary outcome measures were pain scores at rest, rescue analgesic requirements, the total volume of levobupivacaine administered, number of patient-controlled demands made, and number of bolus doses received.
Hemodynamic variables, incidence of nausea and vomiting, requirement for antiemetic medication, complications, and sedation scores were recorded. Patient satisfaction was recorded on a 100-mm VAS (0 mm ϭ completely dissatisfied, 100 mm ϭ completely satisfied) after catheter removal.
Statistical Analysis
We considered a 15-mm reduction in the dynamic VAS pain score as being clinically important. With the knowledge that the standard deviation of dynamic VAS scores for postoperative PCEA is approximately 13 mm, 10 we estimated that 16 patients would provide a 90% power to detect a true difference between the two regimens with an ␣ error ϭ 0.05. We enrolled 38 patients (19 in each group) to compensate for potential exclusions or protocol deviations.
Parametric data were compared using ANOVA with post hoc Bonferroni correction. Categorical data were compared using 2 analysis of contingency tables. Results are presented as means Ϯ sds or number of patients (percent); P Ͻ 0.05 defined statistically significant differences.
RESULTS
Thirty-seven women were included in the study: 19 in the 15-min lockout group and 18 in the 30-min lockout group. Data from one patient (30-min lockout group) were lost because of inadvertent failure to follow-up reporting. Three patients had the paravertebral catheter removed prematurely. They were given morphine PCA and included in our intention-to-treat analysis.
Demographic and morphometric characteristics of the participating patients and the types of surgery were similar in each group (Table 1) . The number of patients receiving intraoperative opioids was similar in the groups: 5 patients each in the 15-min and 30-min lockout groups (28% vs 31%, respectively, P ϭ 0.70).
We found no statistically significant difference in pain scores at rest Figure 1 or on movement between groups (Fig. 2) . However, the 30-min group used less total volume of levobupivacaine had fewer demands and received fewer boluses. This was statistically significant ( Table 2 ). The highest mean dynamic pain score was 27 Ϯ 12 mm in 15-min lockout group and 35 Ϯ 10 mm in the 30-min lockout group (P ϭ 0.57).
Two (11%) patients in the 15-min lockout group and 5 (28%) patients in 30-min lockout group required rescue analgesia ( Table 2 ). The mean total morphine dose for those without PCA was 10 mg in the 15-min lockout group and 18 mg in the 30-min lockout group (P ϭ 0.12).
Four patients (21%) in 15-min lockout group and 7 (39%) in 30-min lockout group who received postoperative adjunctive analgesia.
Hemodynamic variables and sedation scores were similar with each regimen (Table 3) . Twenty-six percent of 15-min lockout group and 44% of the 30-min lockout group experienced nausea. One patient vomited (30-min lockout group). An antiemetic drug was required by 26% of the 15-min lockout group and 17% of the 30-min lockout. These differences did not reach statistical significance.
No patients experienced a pneumothorax. One patient in the 15-min lockout group developed Horner's Syndrome, and one patient in the same group experienced asymptomatic transient bradycardia (heart rate of 37 bpm), which resolved spontaneously. One patient had a catheter disconnection, lasting approximately 45 min, and one developed a wound infection (Table 3 ). Patient satisfaction scores were similar in the two groups (Table 3) .
DISCUSSION
To our knowledge, this is the first report of PCPA for postoperative pain relief. Pain scores in both Values shown are mean Ϯ sd. No significant differences were found between groups. Open squares ϭ 15-min lockout group: levobupivacaine 0.2% infusion at 8 mL/h with a Total dose morphine (mg) 12 Ϯ 3 1 3Ϯ 4
All data presented as mean Ϯ SD or no. of patients. No significant differences were found between groups. a 15-min lockout group: 8 mL/h, 3 mL bolus, 15-min lockout. b 30-min lockout group: 4 mL/h, 8 mL bolus, 30-min lockout. c Results include the three patients (n ϭ 1 in the 15-min lockout group, n ϭ 2 in the 30-min lockout group) who were given patient-controlled analgesia (PCA) morphine after premature catheter removal.
groups were low compared with previous studies of paravertebral analgesia for breast surgery. 8, 9 Few patients in either group required rescue analgesia. Both regimens were well tolerated and satisfaction scores were high indicating that this is a feasible technique in this population. Our data did not demonstrate any differences in primary outcome (i.e., pain scores) between the two regimens. Therefore, we cannot recommend one dosing regimen over the other. However, it appears that equally effective analgesia can be achieved with a lower total dose of levobupivacaine using a large bolus and long lockout regimen (30-min lockout group). This may suggest that the large volume, long lockout regimen is superior. However, there is the possibility of a type 2 error. The major weakness of our study was not comparing our PCPA technique with a continuous paravertebral infusion or to a placebo control group; however, the analgesic tolerability and satisfaction levels reported by our patients were comparable to those reported elsewhere by patients with continuous paravertebral infusion and higher than those who received PCA opiates. 12 In conclusion, in this prospective, randomized, doubleblind clinical trial we demonstrated that in patients having major breast cancer surgery PCPA offers excellent postoperative analgesia with few side effects and high patient satisfaction. All data are presented as mean Ϯ SD or no. of patients. There were no significant differences between the groups. Hypotension ϭ systolic blood pressure Ͻ90 mm Hg; bradycardia ϭ heart rate Ͻ45 bpm; respiratory depression ϭ respiratory rate Ͻ8 breaths per min; sedation score: 1 ϭ awake and alert; 2 ϭ drowsy, easily rousable to voice; 3 ϭ drowsy, rousable to physical stimuli; 4 ϭ somnolent, minimal or no response to physical stimuli. Satisfaction score measured on a 100-mm visual analog scale (VAS; 0 ϭ completely dissatisfied, 100 mm ϭ totally satisfied). a 15-min lockout group: 8 mL/h, 3 mL bolus, 15-min lockout. b 30-min lockout group: 4 mL/h, 8 mL bolus, 30-min lockout.
